BACKGROUND: Current consensus statements maintain that endoscopic vein harvesting (EVH) should be standard care in coronary artery bypass graft surgery, but vein quality and clinical outcomes have been questioned. The VICO trial (Vein Integrity and Clinical Outcomes) was designed to assess the impact of different vein harvesting methods on vessel damage and whether this contributes to clinical outcomes after coronary artery bypass grafting.
A rterial conduits play a vital role in coronary artery bypass grafting (CABG) surgery because of their physical and functional properties. The internal mammary arteries are considered to be a gold standard conduit for bypass surgery because of their high patency and long-term survival rates. 1 Only 4% to 12% patients receive bilateral internal mammary arteries in United States and European countries. 2 The long saphenous vein remains the preferred conduit for multiple coronary artery bypass graft surgeries because of its long length, and endoscopic vein harvesting (EVH) has demonstrated reduced postoperative morbidity and improved patient satisfaction. 3, 4 Indeed, EVH is associated with markedly reduced scarring, diminished postoperative pain, greater patient mobility, and reduced inflammation. 4 EVH also significantly reduces the likelihood of postoperative wound infections, potentially ameliorating the requirement for antibiotic use. 5 Two EVH techniques exist: closed tunnel EVH (CT-EVH) and open tunnel EVH (OT-EVH), which differ on the basis of CO 2 pressurization and instrumentation.
There is major debate about vein quality and longterm clinical outcomes after EVH, largely as a result of the findings of a major study 6 that revealed poorer outcomes with EVH. However, this raised questions about the use of different systems (CT-EVH was used for the majority of EVH cases in that study), case selection, operator experience, 7 and other comorbidities. 8 Previous studies [9] [10] [11] and systematic reviews 12, 13 have highlighted the need for an appropriately designed clinical trial to establish the effect of harvesting on vein integrity, downstream costs, and clinical outcomes. 14 This was reinforced by the International Society of Minimally Invasive Cardiac Surgery 3 and the National Institute for Health and Care Excellence. 15, 16 Many studies have compared EVH and open vein harvesting (OVH) in relation to wound-related complications and length of hospital stay, but no study has directly compared the histological and clinical outcomes of the 3 vein harvesting techniques.
We designed a prospective, single-center, 3-arm randomized study comparing vein damage and clinical outcomes between 2 types of EVH (CT and OT) and traditional OVH. A trial-based cost-effectiveness analysis was prospectively integrated within the study design to generate evidence of the cost-effectiveness of the vein harvesting techniques.
METHODS

Study Design
The study was approved by the National Research Ethics Service Committee and was conducted following the principles of the Declaration of Helsinki and Good Clinical Practice. This study was undertaken at the University Hospital of South Manchester NHS Foundation Trust and was overseen by an external steering committee, clinical trial unit, and public patient involvement and safety monitoring board. The trial was registered on the Integrated Research Application System trial registry before patient recruitment started. We also registered the trial on the International Standard Randomised Controlled Trial Registry (91485426) in line with European Union regulation 536/2014. (The trial was submitted on April 30, 2014 , and European Union regulation 536/2014 was released on May 27, 2014. The trial was fully registered on September 18, 2014.) Patients who provided written informed consent were prospectively recruited between November 2011 and May 2015 from the cardiac waiting list (Figure 1 ). Patients who received single internal mammary artery and individual vein grafts [1] [2] [3] [4] by on-pump bypass were included (full study protocol describing recruitment, clinical and health economics data collection, method of histological scoring, and standard techniques included as Methods and diagrammatic overview provided in Figure I in the online-only Data Supplement). Exclusion criteria included emergency CABG, superficial
Clinical Perspective
What Is New?
• The VICO trial (Vein Integrity and Clinical Outcomes) is the first study to directly evaluate the impact of minimally invasive and open vein harvesting techniques on the collective outcomes of endothelial integrity of the graft, clinical outcomes, health-related quality of life, and cost-effectiveness.
• The study aimed to determine whether vein damage during harvesting contributed to outcomes after surgery. A single-center, sole-operator study was selected to minimize the incidence of practitioner skill error because this could markedly impair the validity of any findings between endoscopic vein harvesting methods.
What Are the Clinical Implications?
• This study demonstrates that endoscopic vein harvesting induces minimal damage to vessel integrity, yet there is no direct correlation with clinical outcomes in a small sample size.
• In addition, it highlights that endoscopic vein harvesting is likely to be cost-effective, reduces postsurgery costs, and improves patients' health-related quality of life.
• Our data support the use of endoscopic vein harvesting techniques as a routine care procedure for coronary artery bypass graft surgery in selected patients.
• Practitioner experience is important in ensuring conduit quality, as demonstrated by the difference between our pilot and randomized study data.
long saphenous vein (<½ cm below the skin), varicose long saphenous vein, or small or thin legs (<7.5 cm diameter at the lower calf), determined via by an ultrasound Sonasite scans. 4 Patients were randomized to 1 of 3 groups with a 1:1:1 allocation ratio. Computerized simple block randomization with random block sizes was performed by an independent statistician. Patient allocation was revealed to the practitioner once the patient was anaesthetized. Data-gathering researchers, the statistician, the health economist, and the histologist were completely blinded to the study group assignments. 
Surgical Techniques
OVH and EVH were performed as previously described. 4, 17 All veins were harvested by an experienced surgical practitioner (>250 cases for each EVH technique and >2000 OVH cases). However, the CABG surgery was performed by 7 cardiac surgeons.
OVH: Control Group
According to normal practice, a long incision was made from ankle to thigh depending on the length of vein required for surgery. For the purpose of this study, the patients who required 2 lengths of vein had conduits harvested from just below the knee (≈9 cm). Patients who required 3 lengths of vein had the conduits harvested from 4 cm above the medial malleolus bone. The vein side branches were ligated with 4-0 Vicryl ties and titanium clips on both sides. 
CT-EVH: Intervention Group
The Maquet Vasoview Hemopro2 vein harvesting system, which involves a pressurized CO 2 tunnel for vein dissection, was used. A 2-to 3-cm incision was made just above or below the knee (≈9 cm), depending on the length of vein (1, 2, or 3) required for surgery. The long saphenous vein was exposed and dissected with a West retractor and a Langenbeck retractor. The CO 2 insufflator was set to 3 L/min with 0-mm Hg pressure. After completion of harvesting, patients received full heparinization followed by cardiopulmonary bypass. CT-EVH patients received 5000 U heparin before EVH to avoid intraluminal clot formation. 18 A 30-mm, 0° endoscope with a sharp, clear dissecting cone on the tip was inserted through the skin incision. After 3 cm of anterior dissection, the balloon was inflated to seal the incision port. A minimal amount (10 mL) of trocar cuff air inflation was used to reduce the trauma to the vein. The vein was dissected from the surrounding tissues anteriorly and posteriorly until reaching the femoral junction in the groin. The vein side branches were ligated with 4-0 Vicryl ties and titanium clips on both sides. 4 
OT-EVH: Intervention Group
The Sorin ClearGlide vein harvesting system, which involves nonpressurized CO 2 tunnel for vein dissection, was used. A 2-to 3-cm incision was made just above or below the knee (≈9 cm), depending on the number of vein lengths (1, 2, or 3) required for surgery. Initially, the long saphenous vein was exposed and dissected with a West retractor and a Langenbeck retractor. A 30-mm, 0° telescope with a ClearGlide dissecting retractor was introduced through the skin incision. The CO 2 insufflator was set up at a continuous flow rate of 3 L/min and 0-mm Hg pressure. The vein was dissected from the surrounding tissue anteriorly and posteriorly until reaching the femoral junction in the groin. The vein side branches were ligated with 4-0 Vicryl ties and titanium clips on both sides. The small leg wound was closed in layers, and a dressing and pressure bandage were applied. 4 
Standardization for All 3 Group Techniques
The vein was harvested with surrounding fat and adventitial layers. The conduit was harvested 2 to 3 mm away from the main long saphenous vein.
All the branches were cut with at least 1 cm length whenever possible.
The vein was inflated with heparinized arterial blood with 10-mm Hg inflation pressure with a pressure control syringe.
The cardioplegia vein perfusion flow pressure through the vein was standardized to 70 mm Hg for all cases.
All patients requiring 3 lengths of vein had the conduits harvested from the ankle to the thigh. For patients who require 1 or 2 lengths, vein was harvested from just below or above the knee.
The measurements of partial pressure of arterial carbon dioxide and end-tidal carbon dioxide and any changes to the ventilator settings during the vein harvesting procedure were monitored and recorded for this study.
Histological Assessment
The 2700 vein samples were numerically coded to ensure laboratory blinding. Surgically undistended vein samples (n=900) were obtained proximally at the port of entry and coded H1. Distal vein samples (n=900) obtained after 10-mm Hg heparinized blood flush to check for leakages were coded H3. After vein grafting, a random sample was obtained from the remaining conduit and coded H2 (n=900). Therefore, H2 samples underwent all distension and manipulation as required for surgical preparation. Thus, these samples provide the best possible representation of the entire vein at different stages after harvesting that could be achieved given the logistics of the operation. These H2 samples were randomly given by the cardiac surgeons who were not told about the type of vein harvesting procedure to avoid any bias in relation to which segment was given for research purposes.
A computerized immunohistochemistry protocol was used to stain CD34 (a validated endothelial marker) 19 of each vein sample from batch 1 (n=900; H1, H2, and H3). A validated scoring system was used to grade endothelial integrity 20 (0% to 100% intact [positive staining]; Figure II in the online-only Data Supplement). The second batch of 900 vein samples was stained with Picrosirius red muscular and collagen stain (80-picrosirius red; Sigma-Aldrich Ltd, Dorset, UK) to assess structural damage in the muscular layers. We refined/modified the existing scoring system (full detailed scoring is given in Table V in the online-only Data Supplement) for simplicity, which was used to grade muscular hypertrophy (hypertrophy in this study means acute swelling rather than chronic process of the muscle injury), detachment, muscle migration on a scale of 0 to 3 (normal, mild, moderate, or severe; Figure  III in the online-only Data Supplement). The final batch of 900 vein samples was stained with hematoxylin and eosin to assess endothelial stretching and detachment. Endothelial damage was graded on a scale of 0 to 3 (normal, mild, moderate, or severe) as detailed in Table VI in the online-only Data Supplement. 19 All slides were scanned with a Pannoramic 250 slide scanning system. All histology images were scored by 5 independent assessors and validated by a consultant histopathologist.
Study Outcome Measures
The primary outcome measure was severity of histological damage to the vein conduits. The association between histological damage and predefined clinical outcomes was then assessed. Complete demographics, intraoperative details, incidence of wound infection, and general practitioner/district nurse visits were recorded.
The secondary end points included incidence of major adverse cardiac events (MACEs), use of healthcare resources, and impact on health status. A MACE was defined as repeat angina, breathlessness, myocardial ischemia/infarction, reintervention, stroke, and death. MACEs were determined by telephone interviews, clinic letters, and general practitioner and coroner reports at 3-month intervals until 12 months and then at 18, 24, 36, and 48 months. Only symptomatic MACE patients underwent cardiac magnetic resonance imaging scans, and angiograms were reviewed by an independent cardiologist and a cardiac surgeon.
An NHS and social services perspective was used for the scope of the collection of healthcare resources. All healthcare resources associated with treatment and follow-up care were recorded prospectively. Table I in the online-only Data Supplement provides a full list of healthcare use data collected and unit costs that were sourced from the procurement and finance department at the hospital and national databases when relevant for follow-up care. 20, 21 The vein harvesting procedure was microcosted, with the fixed cost of the vein harvesting equipment fully absorbed in each arm of the trial. The length of time within the operating theater required for vein harvesting was recorded and costed.
The impact on each individual's health status was assessed at 3 and 12 months with the 3-level EuroQol 5-dimensions questionnaire (EQ-5D-3L) ,which has 5 domains (Mobility, Self-Care, Usual Activities, Pain and Discomfort, Anxiety and Depression) and 3 levels within each domain (no problems, some problems, severe problems). Using a published national tariff, 22 we converted each completed EQ-5D-3L questionnaire for each patient into an index measure of health-related quality of life (HRQoL) on a scale from 1 (full health) to 0 (death). Health states with a HRQoL less than death were also included. Patients who died had an HRQoL of 0 inputted. Quality-adjusted life-years (QALYs) were calculated with the area under the curve method using the trapezoid rule and linear interpolation between the measures of HRQoL at the 2 time points. Because a 1-year time horizon was chosen, no discounting was applied to the cost or QALY data.
Power Calculation
To generate an accurate power calculation, we undertook a nonrandomized pilot study comparing the impact of the different vein harvesting techniques on endothelial integrity using 140 patients. From these pilot data, we calculated that 91 patients in each of the 3 groups (OVH, CT-EVH, and OT-EVH), that is, 273 in total, would provide 80% power to detect differences in the percentage with zero endothelial integrity of ≥20% (eg, 20% versus 40%) in this study. This calculation was based on a comparison of 2 groups using a simple χ 2 test, with continuity correction at the 5% significance level. A recruitment strategy requiring a total of 300 patients with a 10% dropout rate was used.
Clinical outcomes in our pilot study demonstrated that 19% of CT-EVH patients experienced MACEs compared with 13% of OT-EVH patients (ie, only a 6% difference in incidence).
Statistical Analysis
All demographics were summarized as frequencies/percentages for categorical variables and means/median with SD/ interquartile range (IQR) as appropriate for continuous variables. Endothelial integrity as determined by CD34 expression was presented as median percentage integrity, and other histological outcomes were presented as median scores and analyzed with the Kruskal-Wallis test. Composite and individual MACEs were analyzed at each time point with the χ 2 test. All tests were performed as 2-tailed analyses, and values of P<0.05 were considered significant.
The χ 2 test was used to compare how patients completed the EQ-5D-3L profile across the arms of the trial with values of P<0.05 considered to be significant. Incremental costs, incremental QALYs, and incremental net benefit at a decision maker's threshold of £20 000 per QALY were calculated with regression analysis controlling for baseline disease severity measured by EQ-5D and the Canadian Cardiovascular Society grading score. For both costs and QALYs, different generalized linear models were tested to assess for fit to the data. The appropriate family for the generalized linear models was assessed with the Park test. The appropriate link for the generalized linear models was assessed with the Pearson correlation test, the Pregibon link test, and the modified Hosmer-Lemeshow test. 23 For all regression models, a generalized linear model with an identity link and gaussian family, equivalent to ordinary least squares, was found to be the best specified and was used for the analysis. Statistical uncertainty was considered by using a nonparametric bootstrap method 24 accommodating the correlation between costs and QALYs, and 1000 bootstrap replicates for each estimate were generated. Probabilities of cost-effectiveness were calculated by measuring the proportion of bootstrap replicates with a positive net benefit for a given cost-effectiveness threshold. A complete set of data were available for HRQoL and healthcare resource use, so no form of imputation was used.
Pilot Work
A pilot study was designed to determine study sample size for the primary end point and demonstrated that OT-EVH (n=70) better preserved conduit endothelium compared with CT-EVH (n=70; median, 65.0% versus 11.4%; P<0.001; Figure IV in the online-only Data Supplement). However, no significant differences were observed between groups for MACEs, including repeat angina (P=0.62), breathlessness (P=0.80), reintervention (P=1.00), myocardial infarction/ischemia (P=1.00), or mortality (P=0.44) up to 4 years after surgery (Table II in 
RESULTS
Demographics
A total of 398 patients were enrolled, but 24.6% (98 patients) were excluded from the study on the basis of predefined exclusion criteria. Ninety-eight patients were excluded before the randomization of the patient allocation numbers, so they were not allocated into any (Figure 1 ). This method was used to avoid major dropout from the study. Our previous patient recruitment for the clinical trials indicated that patients change their participation in the trial or surgery schedule to accommodate emergency and urgent in-patient referrals. Thus, 301 patients underwent randomization, and there were no clinically relevant differences between groups (Table 1) . However, 1 patient in OVH group was excluded after surgery because tissue samples were not collected. A higher body mass index, left main stem disease, and current smokers were observed in the CT-EVH group. Intraoperative variables were recorded, including surgical timings and number of veins required (Table III in 
Primary Histological Outcomes
Secondary Outcomes: Clinical Events and Cost-Effectiveness
Composite and individual MACE scores were analyzed in this study to avoid any varying definitions of composite outcomes. Kip et al 15 suggested that authors should focus separately on safety and effectiveness outcomes.
Composite MACE Scores
The incidence of composite MACEs was analyzed at each time point up to 48 months. No significant differences were observed between groups at any point ( Figure 3A and Table IV 
64).
Statistically significant body mass index, left main stem disease, and number of current smokers were observed in CT-EVH group. A Cox proportional hazard model was considered. After adjustment for these variables, there does not appear to be a statistically significant relationship between the groups and time to first MACE (P=0.61; Table 2 ). However, these results should be interpreted cautiously because of small number of MACEs that occurred in this study.
Individual MACEs
The secondary outcomes demonstrated that no significant difference in MACEs was observed between groups other than slightly higher mortality at 3 and 6 months (P=0.05 and P=0.03, respectively) in the OT-EVH group (Figure 3B ), although these deaths were not MACE-related mortalities. Atrial fibrillation occurred in 9 patients, and vein graft blockage was noted in 6 patients, although the incidence was not influenced by group (P=0.69 and P=0.42, respectively; 
Cost-Effectiveness Analyses
Vein harvesting costs for both the endoscopic approaches were higher than for the use of traditional OVH. The use of CT-EVH increased costs by £1180 (P<0.001), whereas OT-EVH increased costs by £981 (P<0.001) per patient over OVH. This increase in cost was due to one-off payments for the visual equipment needed to conduct the endoscopic extraction and an increase in variables costs required for each operation such as the need for additional disposable tubing and camera drapes. However, both endoscopic approaches led to lower downstream costs associated with followup care.
There was a reduction in postoperation costs for general practitioner visits, district nurse visits, and hospital stays (P<0.001). There was also a reduction in the cost for postoperative antibiotics use, cost for other medications, and the cost associated with "wound infection packages," which includes readmission to the hospital, additional operating room costs for additional procedures, and vacuum-assisted closure therapy. Consequently, for follow-up care, CT-EVH led to a mean reduction in downstream costs of £814 (P=0.002) per person versus OVH, whereas OT-EVH led to a mean reduction of £598 (P=0.03). Overall, when the vein harvesting cost and downstream costs were combined, both EVH methods led to net cost increases over OVH, by £274 (P=0.34) for CT-EVH and £436 (P=0.16) for OT-EVH per patient, although neither was statistically significant.
Both endoscopic approaches led to a marked improvement in HRQoL compared with the use of OVH. Figure 4A and 4B shows how patients completed the EQ-5D-3L at 3 and 12 months, respectively. At 3 months, in the Mobility, Self-Care, Usual Activities, and Pain and Discomfort domains, patients were more likely to report having some problems in the OVH arm compared with the endoscopic arms (P<0.001). At 12 months, patients were still more likely to report having some problems in the Self-Care (P=0.02), Usual Activities (P=0.01), and Pain and Discomfort (P=0.004) domains, but there was no significant effect for the Mobility domain (P=0.051). For the Anxiety and Depression domain, there was no difference between the arms at either 3 months (P=0.30) or 12 months (P=0.32).
Figure V in the online-only Data Supplement illustrates the impact on the EQ-5D-3L index after the EQ-5D-3L profiles have been weighted by the UK national tariff. The biggest difference in HRQoL occurs at 3 months, when patients in both endoscopic arms have higher HRQoL compared with patients in the OVH arm (P<0.001). At 12 months, there is an improvement in HRQoL across all arms, as well as some narrowing between the harvesting methods. At 12 months, both endoscopic approaches have higher mean values than OVH, which is statistically significant for CT-EVH versus OVH (P=0.004) but insignificant for OT-EVH (P=0.128). After calculation of the area under the curves, there was an increase in QALYs of 0.11 per patient (P=0.001) for the CT-EVH arm versus the OVH arm, whereas the OT-EVH arm had an increase in QALYs of 0.07 per patient (P<0.003) versus OVH.
When we consider the costs and health benefits together to assess cost-effectiveness, CT-EVH had an incremental net benefit per patient of £1927 compared with OVH and a 75% likelihood of being cost-effective. This probability for cost-effectiveness is based on a decision maker being willing to spend an additional £20 000 for every additional QALY generated, called the cost-effectiveness threshold. OT-EVH had an incre- mental net benefit per patient of £950 versus OVH and a 19% likelihood of being cost-effective at a threshold of £20 000 per QALY. OVH had a low likelihood (6%) of being cost-effective ( Figure 5A and 5B).
Safety and Clinical Relevance
At 24 months, composite MACEs were observed in 33 patients (OVH, 10 of 100; CT-EVH, 11 of 100; and OT-EVH, 12 of 100). A total of 289 patients survived, with noncardiovascular-associated mortality in 11 patients resulting from ischemic bowel, pneumonia, liver failure, and cancer. No mortality associated with cardiovascular events was observed. MACE repeat angina events (Table 3) were observed in 16 patients during the study period. Follow-up magnetic resonance imaging and angiogram evaluation in symptomatic patients concluded that angina was caused by native artery disease progression (4 of 16), vein graft insertional site stenosis (4 of 16), vein graft blocked (2 of 16), previous patent stent blocked (4 of 16) , and left internal mammary artery insertional site stenosis (5 of 16). The vein conduits could not be grafted at the time of operation because of calcified/small coronaries in 3 of 16 patients. Multiple causes were observed in 5 patients.
DISCUSSION
This is the first study with a direct head-to-head comparison of 2 EVH techniques with traditional OVH in relation to histological vein integrity and clinical outcomes. EVH has a number of important benefits and is associated with markedly improved postoperative patient satisfaction resulting from significantly less scarring, contributing to reduced pain and improved patient mobility compared with OVH. The smaller scar is also less likely to become infected, therefore necessitating less postoperative follow-up care. If graft patency can be maintained with EVH, then this would be a preferred option to OVH in suitable patients.
We report some vein injury in EVH compared with OVH (with loss of endothelial integrity, increased endothelial stretching, and muscle hypertrophy most severe in OT-EVH compared to CT-EVH and OVH). This study was powered for the primary outcome using our pilot work results to see the percentage of patients with zero endothelial injury, but we have not observed any conduits with zero endothelial integrity in any of the groups. Severe stretching and muscle migration have been associated with graft occlusion, 25 ,26 yet only a small proportion of vein samples had severe intimal stretching in the OT-EVH group, and our subanalysis could not detect an association with MACEs.
In 2009, a major nonrandomized study concluded that EVH had higher rates of vein graft failure and mortality within 12 to 18 months after surgery. 6 However, secondary outcomes from our randomized study demonstrated no statistically significant difference in composite or individual MACE scores with EVH, although a small sample size precluded firm conclusions. Furthermore, MACE scores did not correlate with vessel injury. This corroborates findings from previous studies describing positive clinical outcomes 3, 12, 14 with both EVH and OVH and provides insight into the risk factors for MACEs.
Repeat angina and reintervention in patients in this study were due mainly to grafting technique and technical error, 27, 28 poor target-artery quality, 11 progression of native coronary artery diseases, 8 and previous stent blockage after CABG. Although the importance of grafting technique is highlighted by our findings, we did not observe significant intraoperator effects on MACE outcomes. 29 and readmissions and hospital stay, 30 but no analysis of incremental cost-effectiveness has been conducted. Our study highlights that both EVH techniques led to modest net increases in cost compared with OVH during surgery. However, both EVH techniques substantially reduced postsurgery costs and improved patients' HRQoL, leading to relatively large gains in QALYs compared with other technologies. 31 The use of CT-EVH was associated with A cost-effectiveness threshold of £20 000 per QALY is presented. For a technology in the northeast quadrant, a cost-effective technology is one where the point estimate and a high proportion of bootstrap replicate falls below (southeast) the threshold line. B, Cost-effectiveness acceptability curve for OVH, CT-EVH, and OT-EVH plotted by calculating the proportion of bootstrap replicates falling below the cost-effectiveness threshold line as the threshold is varied. The typical threshold used by the National Institute for Health and Care Excellence is taken to be between £20 000 and £30 000 per QALY.
lower costs and better outcomes compared with OT-EVH. Therefore CT-EVH may represent the optimal costeffective technique for vein harvesting.
Limitations
This study was designed to use a single experienced practitioner from 1 center to determine the impact of harvesting techniques. Different operators will inevitably introduce variability in surgical skills, which could confound a true comparison. The practitioner had experience of >2000 OVH cases but only 250 EVH cases, and this may have implications on surgical timing, quality of the OVH vein conduit, and postoperative complications, which need to be taken into consideration in the interpretation of the data. In addition, not all study participants underwent routine angiogram or cardiac magnetic resonance imaging scans because of ethical or financial restrictions within the NHS and risks involved as a result of patient age. The present study is underpowered to detect small differences in clinical outcomes because >1000 patients would be required in each arm, which would not be possible for a singlecenter study. However, this study was designed with graft histology as the primary outcome because this has been understudied to date and is an important area. For these purposes, a single-center, single-practitioner model was most appropriate. The principal reason for using a sole operator for this study is to minimize the incidence of practitioner skill error. In addition, we performed comparisons of MACE incidence at multiple time points, which could increase the likelihood of type 1 error and of obtaining statistically significant results by chance. However, we did not detect statistical differences in individual MACEs at any time point, so type 1 error did not alter our conclusions.
Conclusions
Our study demonstrated that EVH causes minimal damage to the layers of the vein. However, the small sample size in this study makes it difficult to conclude what impact this injury has on clinical outcomes with a large sample size. EVH also provides better HRQoL and QALYs and is more cost-effective than OVH after CABG surgery. Therefore, EVH can be used for vein harvesting safely with appropriate patient selection, the appropriate equipment, and better structured training of future practitioners. This study provides a base for future multicenter studies and clarifies that histological damage is minimal when practitioners are experienced. After adjustment for body mass index, left main stem disease, smoking status, and New York Heart Association grade, the variables appear to be unbalanced between the randomization groups. There does not appear to be a statistically significant relationship between group and time to first MACE (P=0.61). The regression parameters and hazard ratios appear similar for the group variable in the unadjusted and adjusted Cox PH analyses, suggesting that the possible imbalances in the 4 other variables between the randomization groups do not affect its relationship with time to first MACE. These results should be interpreted cautiously because of the number of MACEs (totaling 33) and the number of parameters estimated in the adjusted Cox PH model, which was 7. CI indicates confidence interval; CT, closed tunnel; EVH, endoscopic vein harvesting; MACE, major adverse cardiac event; OT, open tunnel; OVH, open vein harvesting; and PH, proportional hazard.
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